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Abstract
The anomalous quartic neutral couplings of the γγγγ vertex in a
polarized light-by-light scattering of the Compton backscattered pho-
tons at the CLIC are examined. Both differential and total cross
sections are calculated for e+e− collision energies 1500 GeV and 3000
GeV. The helicity of the initial electron beams is taken to be ± 0.8.
The unpolarized and SM cross sections for the same values of helicities
are also estimated. The 95% C.L. exclusion limits on two anomalous
photon couplings ζ1 and ζ2 are calculated. The best bounds on these
couplings are found to be 4.58×10−16 GeV−4 and 9.37×10−16 GeV−4,
respectively. The results are compared with the exclusion bounds ob-
tained previously for the LHC. It is shown that the light-by-light scat-
tering at the CLIC has a greater potential to search for the anomalous
quartic neutral couplings of the γγγγ vertex.
1 Introduction
In the Standard Model (SM), the trilinear gauge couplings (TGCs) [1, 2]
and quartic gauge couplings (QGCs) [3]-[5] are completely defined by the
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non-Abelian SU(2)L × U(1)Y gauge symmetry. These couplings have been
accurately tested by experiments. A possible deviation from the electroweak
predictions can give us important information on probable physics beyond
the SM.
Anomalous TGCs and QGCs can be studied in a model independent way
in the framework of the effective field theory (EFT) via Lagrangian [6]-[8]
Leff = LSM + L(6) + L(8) . (1)
The Lagrangian L(6) contains dimension-6 operators. It generates an anoma-
lous contribution to the TGCs and QGCs. Let us underline that the low-
est dimension operators that modify the quartic gauge interactions without
exhibiting two or three weak gauge boson vertices are dimension-8. The
Lagrangian L(8) is a sum of dimension-8 genuine operators,
L(8) =
∑
i
ci
Λ4
O(8)i , (2)
where Λ is a mass-dimension scale associated with new physics, and ci are
dimensionless constants. This Lagrangian induces anomalous deviation to
the QGCs. It is assumed that the new interaction respects the local SU(2)L×
U(1)Y symmetry which is broken spontaneously by the vacuum expectation
value of the Higgs field Φ. CP invariance is also imposed. It means that
L(8) is invariant under the full gauge symmetry. As a result, the electroweak
gauge bosons can appear in the operatorsO(8)i only from covariant derivatives
of the Higgs doublet DµΦ or from the field strengths Bµν , W
a
µν .
There are three classes of dimension-8 operators. The first one con-
tains just DµΦ. It leads to non-standard quartic couplings of massive vec-
tor bosons, W+W−W+W−, W+W−ZZ and ZZZZ. The second class con-
tains two DµΦ and two field strength tensors. The third class has four field
strength tensors only. The dimension-8 operators of these two classes induce
the anomalous quartic neutral couplings of the vertices γγγγ, γγγZ, γγZZ,
γZZZ, and ZZZZ. A complete list of dimension-8 operators which lead to
anomalous quartic neutral gauge boson couplings is presented in [9]-[11]. In
particular, the effective Lagrangian of the operators O(8)i which contributes
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to the anomalous quartic couplings of the vertex γγγγ looks like
LQNGC = c8
Λ4
BρσB
ρσBµνB
µν +
c9
Λ4
W aρσW
aρσW bµνW
bµν +
c10
Λ4
W aρσW
bρσW aµνW
bµν
+
c11
Λ4
BρσB
ρσW aµνW
aµν +
c13
Λ4
BρσB
σνBνµB
µρ +
c14
Λ4
W aρσW
aσνW bνµW
bµρ
+
c15
Λ4
W aρσW
bσνW aνµW
bµρ +
c16
Λ4
BρσB
σνW aνµW
aµρ , (3)
see eq. (5) below.
The explicit expression for dimension-8 Lagrangian in a broken phase (in
which it is expressed in terms of the physical fields W±, Z and Fµν) can be
found, for instance, in [10]. We are interested in an effective Lagrangian for
the anomalous γγγγ couplings. It is given by the formula [10]
LγγγγQNGC = ζ1FµνF µνFρσF ρσ + ζ2FµνF νρFρσF σµ , (4)
where
ζ1 = [ c
4
wc8 + s
4
wc9 + c
2
ws
2
w(c10 + c11) ]Λ
−4 ,
ζ2 = [ c
4
wc13 + s
4
wc14 + c
2
ws
2
w(c15 + c16) ]Λ
−4 . (5)
The QGCs are actively studied for a long time. The anomalous WWZZ
vertex was probed at the LEP [12] (see also [13]) and Tevatron [14] colliders.
The L3 Collaboration also searched for the WWZZ couplings [15]. There
have been investigations for the γγW+W− couplings at the LHC in [16]-[23].
The possibility of measuring the γγZZ couplings were studied in [16]-[19],
[10], and [24]. Recently, the LHC experimental bounds on QGCs have been
presented by the CMS [25] and ATLAS [26] Collaborations. In a number
of theoretical papers, search limits for the QGCs at future electron-proton
colliders have been estimated [27]-[29]. The anomalous QGCs can be also
probed at linear e+e− colliders [30], in particluar, in the eγ mode [31, 32]
or γγ mode [33]-[34]. Finally, in [35, 36] the anomalous quartic couplings of
the γγZZ vertex at the Compact Liner Collider (CLIC) [37, 38] have been
examined.
The great potential of the CLIC in probing new physics is well-known
[39]-[41]. At the CLIC, it is possible to investigate not only e+e− scattering
but also eγ and γγ collisions with real photons. In the present paper, we will
examine the possibility of searching for anomalous γγγγ couplings in the
light-by-light (LBL) scattering with ingoing Compton backscattered (CB)
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photons at the CLIC. Both unpolarized and polarized initial photons will
be considered. The first evidence of the process γγ → γγ was observed by
the ATLAS and CMS Collaborations in high-energy ultra-peripheral PbPb
collisions [42, 43]. The LBL collisions at the LHC have been studied in
[44, 45]. Recently, the LBL scattering at the CLIC induced by axion-like
particles has been examined [46, 47].
2 Light-by-light scattering in effective field
theory
The e+e− colliders may operate in eγ and γγ modes [48]. Hard real photon
beams at the CLIC can be generated by the laser Compton backscattering.
When soft laser photons collide with electron beams, a large flux of photons,
with a great amount of the parent electron energy, is produced. Let E0
and λ0 be the energy and helicity of the initial laser photon beam, while
Ee and λe be the energy and helicity of the electron beam before CB. In
our calculations, two sets of these helicities, with opposite sign of λe, will be
considered, namely
(λ(1)e , λ
(1)
0 ;λ
(2)
e , λ
(2)
0 ) = (1,−0.8; 1,−0.8) ,
(λ(1)e , λ
(1)
0 ;λ
(2)
e , λ
(2)
0 ) = (1,+0.8; 1,+0.8) , (6)
where the superscripts 1 and 2 enumerate the beams. The helicity of the
photon with energy Eγ obtained by the Compton backscattering of the laser
photons with helicity λ0 off the electron beam is given by the formula
ξ(Eγ, λ0) =
λ0(1− 2r)[1− x+ 1/(1− x)] + λerζ [1 + (1− x)(1− 2r)2]
1− x+ 1/(1− x)− 4r(1− r)− λeλ0rζ(2r− 1)(2− x) , (7)
where x = Eγ/Ee, r = x/ζ(1 − x), ζ = 4EeE0/m2e, me being the electron
mass.
The spectrum of the CB photons is defined by the helicities λ0, λe and
dimensionless variables x, r, ζ as follows
fγ/e(x) =
1
g(ζ)
[
1− x+ 1
1− x −
4x
ζ(1− x) +
4x2
ζ2(1− x)2
+ λ0λerζ(1− 2r)(2− x)
]
, (8)
4
where
g(ζ) = g1(ζ) + λ0λe g2(ζ) , (9)
g1(ζ) =
(
1− 4
ζ
− 8
ζ2
)
ln (ζ + 1) +
1
2
+
8
ζ
− 1
2(ζ + 1)2
, (10)
g2(ζ) =
(
1 +
2
ζ
)
ln (ζ + 1)− 5
2
+
1
ζ + 1
− 1
2(ζ + 1)2
. (11)
The maximum possible value of x is equal to
xmax =
(Eγ)max
Ee
=
ξ
(1 + ξ)
. (12)
The laser beam energy is chosen to maximize the backscattered photon en-
ergy Eγ. This can be achieved if one puts ξ ≃ 4.8, then xmax ≃ 0.83.
γ
γγ
γ
Figure 1: The diphoton production in the collision of the backscattered pho-
tons at the CLIC via anomalous quartic coupling.
The LBL scattering of the CB photons happens as shown in Fig. 1. Its
differential cross section is expressed in terms of the CB photon spectra, their
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helicities, and helicity amplitudes [49]
dσ
d cos θ
=
1
128pis
xmax∫
x1min
dx1
x1
fγ/e(x1)
xmax∫
x2min
dx2
x2
fγ/e(x2)
×
{[
1 + ξ
(
E(1)γ , λ
(1)
0
)
ξ
(
E(2)γ , λ
(2)
0
)]
× (|M++++|2 + |M++−−|2)
+
[
1− ξ
(
E(1)γ , λ
(1)
0
)
ξ
(
E(2)γ , λ
(2)
0
)]
× (|M+−+−|2 + |M+−−+|2)
}
, (13)
where x1 = E
(1)
γ /Ee and x2 = E
(2)
γ /Ee are the energy fractions of the CB
photon beams, x1min = p
2
⊥/E
2
e , x2min = p
2
⊥/(x1E
2
e ), p⊥ is the transverse
momentum of the outgoing photons.
√
s is the center of mass energy of the
e+e− collider, while
√
sx1x2 is the center of mass energy of the backscattered
photons. We will apply the cut on the rapidity of the final state photons
|η| < 2.5.
The physical potential of linear e+e− colliders may be enhanced if the
polarized beams are used [50, 51]. As will be seen below, it is exactly so
in our case. For comparison, similar results for unpolarized electron beams
will also be presented. Our calculations have shown that the total cross
sections are almost indistinguishable from the SM ones for
√
s = 380 GeV
(the first energy stage of the CLIC). That is why, we will focus on the energies√
s = 1500 GeV (the second energy stage of the CLIC) and
√
s = 3000 GeV
(the third energy stage of the CLIC). The expected integrated luminosities
for these baseline CLIC energy stages [51] are presented in Tab. 1.
λe = 0 λe = −0.8 λe = +0.8
Stage
√
s, GeV L, fb−1 L, fb−1 L, fb−1
2 1500 2500 2000 500
3 3000 5000 4000 1000
Table 1: The CLIC energy stages and integrated luminosities for the unpo-
larized and polarized initial electron beams.
We have calculated the differential cross sections dσ/dpt, where pt is the
transverse momenta of the outgoing photons, see Figs. 2-5. To reduce the SM
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background, we have imposed the cut on the invariant mass of the outgoing
photons, W = mγγ > 200 GeV. The dips on these figures around pt ≃ 60
GeV comes from the SM and interference terms. The reason is that the SM
amplitudes include the t−1 term, t being the momentum transfer squared,
while the contribution to the EFT terms comes mainly from medium and
high pt regions.
It is interesting to analyze the shapes of the curves corresponding to
different values of the electron beam helicity λe. Let us consider the case
(ζ1 = 10
−13 GeV−4, ζ2 = 0) first. The differential cross sections with λe = 0.8
(blue curves) become dominant if pt > 300 GeV for both energies. As for the
cross section with λe = −0.8 (red curve), it exceeds the unpolarized cross
section (black curve) at medium values of pt, but become subdominant and
decreasing at large pt, for both values of
√
s. The situation for (ζ1 = 10
−14
GeV−4, ζ2 = 0) is quite different. For
√
s = 1500 GeV, the cross section with
λe = −0.8 exceeds other cross sections at medium values of pt, while at large
pt, the cross section with λe = 0.8 becomes to dominate. For
√
s = 3000 GeV,
the cross section with λe = 0.8 is the biggest one, starting from pt = 600
GeV.
For the couplings (ζ1 = 0, ζ2 = 10
−13 GeV−4), the cross sections are shown
in the left panels of in Figs. 4-5. If
√
s = 1500 GeV, the differential cross
section with λe = −0.8 (λe = 0.8) exceeds other ones for medium (large)
values of pt. For higher energy
√
s = 3000 GeV, the cross sections are close
to each other up to pt = 750 GeV. At larger pt, the cross section with the
helicity λe = 0.8 dominates. Finally, for (ζ1 = 0, ζ2 = 10
−14 GeV−4) the
differential cross sections do not significantly descend from ones obtained for
(ζ1 = 10
−14 GeV−4, ζ2 = 0), especially if
√
s = 1500 GeV is taken.
The results of our calculations of the total cross sections σ(pt > pt,min),
where pt,min is the minimal transverse momentum of the outgoing photons,
are shown in Figs. 6-9. The calculations have been made for two values of the
CLIC energy, and two sets of the couplings (ζ1, ζ2), using W = mγγ > 200
GeV. Figs. 6, 7 demonstrate that for (ζ1 = 10
−13 GeV−4, ζ2 = 0), λe = 0.8,
and
√
s = 1500(3000) GeV, the total cross section is approximately one
order (two orders) of magnitude larger than the SM one. If (ζ1 = 10
−14
GeV−4, ζ2 = 0), λe = 0.8, and
√
s = 3000 GeV, the value of the total
cross section is comparable with the SM prediction for small pt,min. At the
same time, the SM cross section decreases rapidly as pt,min grows, while the
total cross section remains almost unchanged up to pt,min ≃ 1000 GeV. For
(ζ1 = 10
−14 GeV−4, ζ2 = 0), λe = 0.8, and
√
s = 1500 GeV, the difference
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Figure 2: The differential cross sections for the process γγ → γγ as functions
of transverse momenta of the outgoing photons for the e+e− collider energy√
s = 1500 GeV with coupling values ζ1 = 10
−13 GeV−4, 10−14 GeV−4,
ζ2 = 0.
between the total and SM cross sections are rather small. The same is true
for (ζ1 = 0, ζ2 = 10
−13 GeV−4), and
√
s = 1500 GeV. But for this set of
ζ1, ζ2, and larger collision energy
√
s = 3000 GeV, the total cross section is
almost two orders of magnitude larger than the SM one, see Fig. 9.
It is interesting to examine a possible dependence of the total cross sec-
tions on a sign of the electron beam helicity λe, and to compare two polarized
cases (λe = ±0.8) with the unpolarized one (λe = 0). Without a doubt, the
value λe = 0.8 is the preferable one, either for (ζ1 = 10
−13 GeV−4, ζ2 = 0)
or (ζ1 = 0, ζ2 = 10
−13) GeV−4, no matter which values of energy is used. It
remains true for (ζ1 = 10
−14 GeV−4, ζ2 = 0) and (ζ1 = 0, ζ2 = 10
−14 GeV−4),
if
√
s = 3000 GeV. For
√
s = 1500 GeV, that is so in the region pt,min > 300
GeV only.
Now let the electron beam helicity to have an opposite sign, λe = −0.8.
If (ζ1 = 10
−13 GeV−4, ζ2 = 0), the polarized LBL cross section dominates
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Figure 3: The differential cross sections for the process γγ → γγ as functions
of transverse momenta of the outgoing photons for the e+e− collider energy√
s = 3000 GeV with coupling values ζ1 = 10
−13 GeV−4, 10−14 GeV−4,
ζ2 = 0.
for
√
s = 1500 GeV, regardless of pt,min. On the contrary, the values of the
polarized and unpolarized cross sections are almost the same in the region
pt,min < 550 GeV for
√
s = 3000 GeV, but for larger pt,min, the unpolarized
cross section begins to dominate the polarized one. If the set of couplings
(ζ1 = 10
−14 GeV−4, ζ2 = 0) are considered for
√
s = 1500 GeV, the polarized
cross section with λe = −0.8 is larger than the unpolarized cross section for
pt,min < 400 GeV. For
√
s = 3000 GeV, the unpolarized cross section is almost
indistinguishable from the polarized cross section in the region pt,min < 450
GeV, but it becomes to dominate as pt,min grows. All these statements are
illustrated by Figs. 6, 7.
For the case ζ1 = 0, the situation is different. For ζ2 = 10
−13 GeV−4, and√
s = 1500 GeV, the polarized cross section with λe = −0.8 is somewhat
larger than the unpolarized cross section in the region pt,min < 300 GeV,
as one can see in Figs. 8. For ζ2 = 10
−13 GeV−4 and
√
s = 3000 GeV, the
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Figure 4: The same as in Fig. 2, but for ζ1 = 0, and ζ2 = 10
−13 GeV−4, 10−14
GeV−4.
unpolarized cross sections dominates the polarized one with λe = −0.8 for all
pt,min, especially for pt,min > 750 GeV, see Fig. 9. Analogously, for ζ2 = 10
−14
GeV−4, the cross section with λe = −0.8 slightly exceeds the unpolarized one
in the region pt,min < 400 GeV for
√
s = 1500 GeV, as it is clear from Figs. 8.
For lager values of pt,min, the unpolarized total cross exceeds the polarized
one. As for the energy
√
s = 3000 GeV, in the region pt,min > 450 GeV,
the unpolarized cross sections decreases very slowly, while the cross section
corresponding to λe = −0.8 falls off rapidly.
It is clear from Figs. 6-9 that the total cross section deviation from the SM
gets higher, as the cut pt,min grows. Especially for λe = 0.8, and ζ1,2 = 10
−13
GeV−4, the total cross sections remain almost unchanged despite increasing
pt,min. Therefore, large pt,min could be used to obtain better sensitivity bounds
on the couplings ζ1 and ζ2. Note, however that for λe = 0.8, the CLIC
expected integrated luminosities are four times smaller than for λe = −0.8,
for both values of e+e− collision energy, see Tab. 1.
The pure EFT, interference and SM total cross sections σ(pt > 500 GeV)
10
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Figure 5: The same as in Fig. 3, but for ζ1 = 0, and ζ2 = 10
−13 GeV−4, 10−14
GeV−4.
for the couplings (ζ1 = 10
−13 GeV−4, ζ2 = 0) are collected in Tabs. 2-3. We
may conclude that the interference terms can be neglected. The number of
the background events B is known and large (provided the integrated lumi-
nosities are taken from Tab. 1). We assume that the background uncertainty
is negligible. To calculate the exclusion region, we use the following formula
for the statistical significance (SS) [52]
SS =
√
2[(S −B ln(1 + S/B)] , (14)
where S is the number of signal events. We define the regions SS 6 1.645
as the regions that can be excluded at the 95% C.L.
Our 95% C.L. exclusion regions for the couplings ζ1, ζ2 for the unpolarized
LBL scattering are shown in Figs. 10, 11 with the cuts W > 200 GeV,
pt > 500 GeV. Note that for the unpolarized process the pure EFT cross
section is proportional to the coupling combination 48ζ21 +40ζ1ζ2+11ζ
2
2 [54].
As a result, the exclusion regions are ellipses rotated counterclockwise in the
plane (ζ1, ζ2) through the angle 0.5 arctan(80/37) ≃ 32.6◦ about the origin.
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Figure 6: The total cross sections for the process γγ → γγ as functions of
minimal transverse momenta of the outgoing photons for the e+e− collider
energy
√
s = 1500 GeV with and coupling values ζ1 = 10
−13 GeV−4, 10−14
GeV−4, ζ2 = 0.
For the polarized LBL scattering at the CLIC, exclusion bounds on the
anomalous photon couplings are presented in Tabs. 4, 5 using the cuts W >
200 GeV and pt > 500 GeV. Note that values of the expected integrated
luminosities depend on the energy
√
s. We see that for
√
s = 1500 GeV,
the best limits take place for the initial electron beam helicity λe = −0.8,
both for the ζ1 and ζ2 couplings. The bounds for the helicity λe = +0.8
and unpolarized scattering are close to each other. For the higher energy√
s = 3000 GeV, the strongest (the weakest) limits are obtained for the LBL
scattering with λe = +0.8 (λe = −0.8).
Previously, the discovery potential for the LBL scattering at the 14 TeV
LHC has been estimated in [11], [53, 54]. As was shown in [53], the 14 TeV
LHC 95% C.L. exclusion limits on ζ1 and ζ2 couplings are 1.5×10−14 GeV−4
and 3.0× 10−14 GeV−4, respectively, for L = 300 fb−1 integrated luminosity.
For L = 3000 fb−1 (high luminosity LHC), the values are twice smaller,
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Figure 7: The total cross sections for the process γγ → γγ as functions of
minimal transverse momenta of the outgoing photons for the e+e− collider
energy
√
s = 3000 GeV with coupling values ζ1 = 10
−13 GeV−4, 10−14 GeV−4,
ζ2 = 0.
7.0 × 10−15 GeV−4 and 1.5 × 10−14 GeV−4. The sensitivity in the (ζ1, ζ2)
plane is shown in Fig. 12 taken from [54]. As one can see from Tabs. 4,5,
our CLIC bounds on the couplings ζ1, ζ2 for the unpolarized LBL scattering
with
√
s = 1500 GeV are approximately 1.2 times stronger than the LHC
bounds obtained for the integrated luminosity L = 3000 fb−1 [54]. The
difference is even more pronounced for the unpolarized LBL scattering with√
s = 3000 GeV, when our lower bounds on ζ1, ζ2 are approximately one order
of magnitude smaller than the LHC lower bounds. The difference between
the CLIC and LHC exclusion bounds becomes larger for the polarized LBL
scattering.
In [36] the CLIC 95% C.L. sensitivity bounds on the coefficients fT0/Λ
4
and fT9/Λ
4 in the EFT Lagrangian (equivalent to the coefficients c9/Λ
4 and
c13/Λ
4 in (3)) for
√
s = 3000 GeV and L = 2000 fb−1 are presented. Note
that these coefficients are only parts of our couplings ζ1 and ζ2 (5). The
13
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Figure 8: The same as in Fig. 6, but for ζ1 = 0, and ζ2 = 10
−13 GeV−4, 10−14
GeV−4.
bounds have been obtained by examining the anomalous quartic couplings
of ZZγγ vertex.
3 Conclusions
In the present paper, we have examined the anomalous quartic neutral cou-
plings of the γγγγ vertex in the polarized light-by-light collisions of the
Compton backscattered photons at the CLIC. Both the second and third
stages of the CLIC are considered with the collision energies
√
s = 1500 GeV
and
√
s = 3000 GeV, respectively. The helicity of the initial electron beam
was taken to be λe = ± 0.8. The unpolarized case (λe = 0) has been also
considered. We used the SU(2)L×U(1)Y effective Lagrangian describing the
contribution to the anomalous quartic neutral gauge boson couplings. Its
part, relevant to the anomalous γγγγ vertex (4), expressed in terms of the
physical fields, contains two couplings ζ1, ζ2 of dimension −4.
We have calculated both the differential cross sections and total cross
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Figure 9: The same as in Fig. 7, but for ζ1 = 0, and ζ2 = 10
−13 GeV−4, 10−14
GeV−4.
sections of the light-by-light scattering γγ → γγ. We have tested the follow-
ing possibilities: i) ζ1 is equal to 10
−13 GeV−4 or 10−14 GeV−4, ζ2 = 0; ii)
ζ1 = 0, ζ2 is equal to 10
−13 GeV−4 or 10−14 GeV−4. The differential cross
sections are shown in Figs. 2-5. For comparison, in the right panels of these
figures, the SM cross sections for the same helicities of the electron beams
are shown. The LBL scattering with λe = 0.8 has appeared to be dominant
in the range pt > 300 GeV for both values of
√
s, if ζ1 = 10
−13 GeV−4,
ζ2 = 0. When ζ1 = 0, ζ2 = 10
−13 GeV−4 it dominates in the high pt region
only, pt > 400(750) GeV, for
√
s = 1500(3000) GeV. The differential cross
sections with the helicity λe = −0.8 dominates in the region pt = 100− 400
GeV, only if the couplings ζ1 = 10
−14 GeV−4 or ζ2 = 10
−14 GeV−4 and√
s = 1500 GeV are considered.
The total cross sections are presented in Figs. 6-9 as functions of the min-
imal transverse momenta of the outgoing photons pt,min. For the couplings
ζ1 = 10
−13 GeV−4, ζ2 = 0, the cross sections of the LBL scattering with the
helicity λe = 0.8 are significantly larger than the cross sections of the LBL
15
λe = 0 λe = −0.8 λe = +0.8
Cross sections σ, fb σ, fb σ, fb
Pure EFT 4.61 2.22 7.48
Interference 0.066 0.031 0.10
SM 0.158 0.083 0.49
Table 2: The pure EFT, interference and SM contributions to the total cross
sections for
√
s = 1500,W > 200 GeV, pt > 500 GeV and ζ1 = 10
−13 GeV−4,
ζ2 = 0.
λe = 0 λe = −0.8 λe = +0.8
Cross sections σ, fb σ, fb σ, fb
Pure EFT 932 896 2901
Interference 2.56 2.02 2.54
SM 1.21 2.22 1.32
Table 3: The same as in Tab. 2, but for
√
s = 3000.
scattering with the opposite helicity λe = −0.8 and unpolarized cross sec-
tions. The figures demonstrate us that the total cross section deviation from
the SM gets higher, as pt,min increases. The effect is most pronounced for√
s = 3000 GeV and couplings ζ1 = 10
−13 GeV−4, ζ2 = 0. For ζ1,2 = 10
−14
GeV−4, the EFT cross sections exceed the SM one for all values of pt,min,
only if the collision energy is equal to 3000 GeV, and the helicity λe is either
0.8 or zero. For ζ1,2 = 10
−14 GeV−4 and lower energy
√
s = 3000 GeV, the
values of the total cross sections are comparable with the SM cross sections.
Note that the cross sections are more sensitive to the coupling ζ1 than to the
coupling ζ2.
The CLIC sensitivity bounds on ζ1 and ζ2, coming from the process
γγ → γγ, have been calculated for two values of the collision energy √s
and three values of the initial beam helicity λe (unpolarized case included).
For the unpolarized LBL scattering at the CLIC, the 95% C.L. exclusion
regions are shown in Figs. 10, 11. Our results for the polarized LBL scat-
tering are presented in Tabs. 4, 5. For the e+e− collision energy
√
s = 3000
GeV, our lower bounds on ζ1, ζ2 have appeared to be approximately one or-
der of magnitude stronger than the corresponding LHC bounds obtained for√
s = 14 TeV and integrated luminosity L = 3000 fb−1 in [54], even for the
unpolarized case. The difference becomes larger, if one considers the polar-
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Figure 10: The 95% C.L. exclusion region for the couplings (ζ1, ζ2) for the
unpolarized light-by-light scattering at the CLIC. The collision energy is√
s = 1500 GeV, the integrated luminosity is L = 2500 fb−1, W > 200 GeV
and pt > 500 GeV.
ized LBL scattering at the CLIC with
√
s = 3000 GeV and λe = 0.8, see
the fourth column in Tab. 5. All said above allows us to conclude that the
LBL scattering at the CLIC has a great physical potential in searching for
the anomalous quartic neutral couplings of the γγγγ vertex.
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